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(54) Semiconductor devices having protruding contacts and method for making the same 



(57) A semiconductor device having a protection 
layer covering the active layer of a semiconductor chip 
with an opening therein corresponding in location to a 
chip electrode located on the active surface of the sem- 
iconductor chip. Inside the opening a barrier layer cov- 
ers the chip electrode, a diffusion barrier layer covers 
the banier layer and a protruding contact protruding 
from the diffusion barrier layer. The protruding contact 
preferably comprises material whose hardness is lower 
than that of each of the barrier layer and chip electrode. 
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Description 
TECHNICAL FIELD 

The present invention is directed to semiconductor 
devices in general, and in particular to semiconductor 
devices having protruding contacts for coupling those 
semiconductor devices with substrate electrodes of 
other semiconductor devices or circuit boards. The 
present invention is also directed to a method for manu- 
facturing such semiconductor devices. 

BACKGROUND ART 

Known methods for coupling together two semicon- 
ductor devices or a semiconductor device and a circuit 
board include the tape automated bonding (TAB) 
method, and flip chip method. The circuit board in this 
context may include, in addition to printed circuit boards 
comprising an insulating base board and an electro- 
conductive substrate electrode, thin film transistor (TFT) 
elements, piezoelectric elements and any other electri-. 
cal elements that may be coupled electrically with sem- 
iconductor devices. 

In the flip chip method, a semiconductor device to 
be mounted is provided with protruding contacts of sol- 
der(e.g.. a tin and lead alloy), and is coupled with 
another semiconductor device or circuit board by means 
of the pirotruding contacts. 

Fig. 1 is a cross sectional view of a semiconductor 
device in which a semiconductor chip 1 1 comprises an 
active layer 16 containing transistors, wirings, contacts, 
or the like, and a chip electrode 13. The chip electrode 
13 is exposed via an opening formed in a protection 
layer 12 comprised of -a low melting point glass, a silicon 
nitride layer, or the like, covering the active surface 16 of 
semiconductor chip 1 1 . A barrier layer 1 4 comprised of 
TiW/Au. or the like, is formed inside and around the 
opening, and a protruding contact 15 is formed on the 
barrier layer 14 by electrolytic plating or an evaporation 
process. The protruding contact 15 is connected to 
other semiconductor chips or circuit txjards. 

Fig. 2 is another cross sectional view showing an 
exemplary connblnation of semiconductor devices. A 
semiconductor chip 24 is provided with an Au-surfaced 
protruding contact 26 and the protruding contact 26 Is 
connected to a substrate electrode 27 made of AI 
formed on a circuit board 25. An Au-AI alloy layer 28 is 
fbrnied around the protruding contact 26 and the sub- 
strate electrode 27. 

However, the conventional semiconductor device 
described with reference to Fig. 1 has the following 
drawbacks. The t^arrier layer 14 is once formed over the 
whole surface of the semiconductor wafer, and then the 
undesirable part is etched off. leaving protruding con- 
tacts 15. The barrier layer 14 thus has a shape that 
extends entirely around the opening to prevent over- 
etching. Accordingly, the prior art process is connplex. 
Fuilhermore. it is difficult in the above described manu- 



facturing process to provide protruding contacts 15 at a 
fine pitch. This fact limits the possibility of manufacturing 
smaller semiconductor devices. In the case of a struc- 
ture as shown in Fig. 1. the pitch between adjacent 

5 openings is approximately 20 ^m (microns), the diame- 
ter of each opening is 100 \im and the height of each 
protruding contact is 100 nm. 

A conventiohal semiconductor device described 
with reference to Fig. 2 has the following drawbacks. 

70 High temperature heating and heavy loads are applied 
to semiconductor chip 24 while connecting semiconduc- 
tor chip 24 to the substrate electrode 27. Such temper- 
atures and loads may lead to breakage and/or 
deteriorated reliability of semiconductor chip 24, result- 

15 ing in a reduced manufacturing yield rate of the finished 
devices. 

OBJECTIVE OF THE INVENTION 

20 \l is therefore an object of the present invention to 
provide semiconductor devices suitable for miniaturiza- 
tion, as well as a method for manufacturing such semi- 
conductor devices. 

Another object of the present invention is to provide 

25 semiconductor devices having strong resistivity against 
mechanical stress, as well as a method for manufactur- 
ing such semiconductor devices. 

SUMI^ARY OF THE llSlVENTIOf^ 

30 

Semiconductor devices in accordance with the 
preserrt invention comprise a protection layer which 
covers the active surface of a semicorductor chip and is 
provided with openings corresponding to chip elec- 
35 trodes disposed on the active surface of the semicon- 
ductor chip. Provided inside the opening are a banrier 
layer for covering the chip electrode, a diffusion banrier 
layer covering the barrier layer and a protruding contact 
provided on the diffusion barrier layer. 
40 The aggregated layer thickness of the barrier layer 
and the diffusion bamer layer should preferably be 
approximately equal to that of the protection layer. 

Further, the hardness of the protruding contact 
shouki preferably be lower than that of the chip elec- 
ts trode '£uid barrier layer. 

Semiconductor devices in accordance with the 
present invention comprise a first semiconductor device 
having a first protruding contact and a second semicon- 
ductor device or a circuit board having a second pro- 
50 truding contact whose hardness is lower than that of the 
first protruding contact of the first semiconductor device. 
The semiconductor device is formed with a structure in 
which the first protruding contact is embedded in the 
second protruding contact. 
55 . Advantageously, the first and the second semicon- 
ductor devices are provided with a protection layer 
which covers the active surface of the semiconductor 
chip and has openings caresponding to the chip elec- 
trodes disposed on the active surface of the semicon- 
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ductor chip. Provided inside the openings are a barrier 
layer for covering the chip electrode and a diffusion bar- 
rier layer covering the banrier layer. 

The first protruding contact should preferably be 
comprised of one of gold, palladium, platinum, copper s 
and alloys containing these elements as the principal 
ingredient. For exanple. an alloy copper as the principal 
ingredient would comprise 80% copper and 20% nickel. 
The second protruding contact should preferably be 
comprised of one of indium,, lead and alloys containing io 
these elements as the principal ingredient. For example, 
an alloy comprising indium as the principal ingredient 
would comprise 90% indium and 10% gold. 

-Semiconductor devices in accordance with the 
present invention comprise a first and a second semi- is 
conductor device, each of which Is provided with a pro- 
tection layer which covers the active surface of the 
semiconductor chip and is provided with openings cor- 
responding to the chip electrodes disposed on the 
active surface of the semiconductor chip. Provided 20 
inside the openings are a barrier layer for covering the 
chip electrode and a diffusion barrier layer covering the 
barrier layer. On the diffusion barrier layer is a protrud- 
ing contact whose hardness is lower than that of the 
chip electrode and the barrier layer. 25 

The gap between the first and the second semicon- 
ductor devices should preferably be filled with an insu- 
lating resin. 

Further.the insulating resin should preferably be a 
thermosetting insulating resin containing a reducing 30 
agent 

Furthermore, the mixing ratio of the reduction agent 
to the insulating resin should preferably be 40 - 80 vol- 
ume%. 

"A method for manufacturing the semiconductor 35 
devices according to the present invention comprises 
the steps of forming by electro! ess plating a barrier layer 
and a film for forming a diffusion barrier layer on a chip 
electrode which is exposed through an opening In the 
protection layer covering the active surface of the semi- 40 
conductor chip; and forming a protruding contact on the 
film for forming a diffusion barrier layer,. and a diffusion 
barrier layer by the mutual diffusion of the protruding 
contact and the film for forming a diffusion k^arrler layer. 

A method for manufacturing semiconductor devices 45 
according to the present invention comprises the steps . 
of aligning a protruding contact formed on a first semi- 
conductor device with the film for forming a diffusion 
barrier layer on a second semiconductor device or a dr- 
curt board; forming a diffusion barrier layer by the so 
mutual diffusion of the protruding contact and the film 
for forming a diffusion barrier layer; and connecting 
together the first semiconductor device and the second 
semiconductor device or a circuit board. 

A method for manufacturing semicondijctor devices 55 
according to the present invention comprises the steps 
of forming a first and a second protruding contact, each 
having different hardnesses; aligning the first and the 
second protruding contacts together; and embedding. 



at least a part of. the protruding contact of higher hard- 
ness in the other protruding contact. 

A method for manufacturing semiconductor devices 
according to the present invention comprises the steps 
of forming a first and a second protruding contact hav- 
ing different hardnesses on a first semiconductor chip 
and a second semiconductor chip or a circuit board; 
aligning the first and the second protruding contacts 
together and embedding, at least a part of, a protruding 
contact of higher hardness in the other protruding con- 
tact; and applying an insulating resin around the first 
and the second protruding contacts. 

A method for manufacturing semiconductor devices 
according to the present invention comprises the steps 
of forming first and second protruding contacts having 
different hardnesses on a first semiconductor chip and a 
second semiconductor chip or a circuit board; aligning 
the protruding contacts with each other; applying an 
insulating resin around the first and the second protrud- 
ing contacts and pressing the first and the second sem- 
iconductor chips together; and hardening the insulating 
resin. 

A method for manufacturing semiconductor devices 
according to the present invention comprises the steps 
of aligning a protruding contact on a first semiconductor 
device with an electrode on a second semiconductor 
device or a circuit board; applying an insulating resin 
containing a reducing agent to a protruding contact on 
the first semiconductor device and/or an electrode of 
the second semiconductor device or the circuit board; 
and hardening the insulating resin. 

A method for manufacturing semiconductor devices 
in accordance with the present invention comprises the 
steps of forming first and second protruding contacts 
having different hardnesses respectively on a first sem- 
iconductor chip and a second semiconductor chip or a 
circuit board; aligning said first protruding contact with 
said second protruding contact; applying an insulating 
resin containing a reducing agent around said first 
and/or second protruding contact; connecting said first 
and second protruding contacts together such that at 
least a part of the protruding contact of higher hardness 
is embedded in the other protruding contact; and hard* 
ening said insulating resin. 

Semiconductor devices in accordance with the 
present invention comprise a first semiconductor device 
and a second semiconductor device or a circuit board 
the electrodes of which are electrically connected to 
each other, and an insulating resin containing a reduc- 
ing agent which fills a gap between the first semicon- 
ductor device and the second semiconductor device or 
circuit board. 

Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
this art from the following detailed description, wherein 
we have shown and described only the preferred 
embodiment of the invention, simply by way of illustra- 
tion of the best mode contenplated by us of carrying out 
our invention. As will be realized, the invention is capa- 
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ble of other and different embodiments, and its several 
details are capable of modifications in various obvious 
respects, all without departing from the invention. 
Accordingly, the drawing and description are to be 
regarded as illustrative in nature, and not as restrictive. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a cross sectional view of a prior art semi- 
conductor device. 10 

Rg. 2 is a cross sectional view of another prior art 
semiconductor device. 

Rg.3 is a cross sectional view of a semiconductor 
device according to an embodiment of the present 
invention. is 

Rg.r4 is a process chart showing a process for 
manufacturing a semiconductor device according to an 
embodiment of the present invention. 

Rgs. 5a-5c show a process for transferring a pro- 
truding contact onto a semiconductor device according 20 
to the present invention. 

Rg. 6 is a cross sectional view of an exemplary 
combination of the inventive semiconductor devices 
according to an embodiment of the present invention. 

Rg. 7 shows a process for connecting two semicon- 25 
ductor devices according to an embodiment of the 
present invention. 

Rg. 8 is a cross sectional view of an exemplary 
connt)ination of two semiconductor devices according to 
an embodiment of the present invention. 30 

Rgs. 9 through 13 each show a process step for 
connecting two semiconductor devices according to an 
embodiment of the present invention. 

Rgs. 14 through 17 each show a process step for 
connecting two semiconductor devices according to 35 
another embodiment of the present invention. 

Rg. 18 is a cross sectional view of an exemplary 
connection of a seniiconductor device and a circuit 
board according to an embodiment of the present inven- 
tion. 40 

Rgs. I9a-19b show a process for connecting a 
semiconductor device and a circuit board according to 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS OF THE INVENTION 

. Rg. 3 shows a cross sectional view of a semicon- 
ductor device according to a preferred embodiment of 
the present invention. Provided inside a semiconductor so 
chip 31 is an active layer 32 comprising transistors, wir- 
ings, contacts, or like structures. On the active surface 
of semiconductor chip 31 , chip electrodes 33 such as Al 
electrodes are fomned at inten/als of approximately 30 
urn. The chip electrode of the present embodiment 55 
■ comprises an Al material, containing about 0.5% Cu, 
having a thickness of approximately 0.6 iim. The main 
material for chip elecb'ode 31 , however, is not limited to 
Al. but. the chip electrode may comprise a material con- 



taining Cu as the principal ingredient. 

Formed on the active surface of semiconductor chip 
31 is a protection layer 34, which is a silicon nitride film 
approximately 0.8 ^im thick. The protection layer 34 is 
provided with openings each having a 15 \im inner 
diameter disposed at appropriate intervals for exposing 
the chip electrodes 33 of semiconductor chip 31. The 
protection layer 34 may also comprise a low melting 
point glass. Inside each opening, a layer of plated Ni 
approximately 0.3 |im thick covers the, chip electrode 33 
as a barrier layer 35. Further, a diffusion barrier layer 36 
approximately 0.5 ^m thick covers tiie barrier layer 35. 
On the diffusion barrier layer 36. protruding contact 37, 
approximately 1 0 iim high, is provided. 

In the present preferred embodiment, the aggre- 
gated thickness of barrier layer 35 and diffusion barrier 
layer 36 is approximately equal to the tiiickness of pro- 
tection layer 34. The barrier layer 35 and diffusion bar- 
rier layer 36 should be formed to cover tiie inside of the 
opening. The aggregated thickness of barrier layer 35 
and diffusion barrier layer 36 may be less tiian the thick- 
ness of protection layer 34. However, it is preferable that 
the aggregated thickness of barrier layer 35 and diffu- 
sion barrier layer 36 be almost identical to the thickness 
of protection layer 34 thereby creating a stable coupling 
state when mounting a semiconductor device on a cir- 
cuit board or connecting semiconductor devices 
together. Furtiiermore. it is prefenred that the bamer 
layer 35, diffusion barrier layer 36 and protruding con- 
tact 37 each have essentially the same diameter as tiie 
inner diameter of the opening. 

The protruding contact 37 comprises material such 
as In. or the like, whose hardness is lower than Al and 
Ni. By using In, for example, the protruding contact 
absorbs mechanical stress that is typically transmitted 
to the active layer through tiie banrier layer and chip 
electrode when a semiconductor device is pressed 
against another electrode. 

The above<lescribed mechanical stress transmis- 
sion phenomenon is described In more detail below. 
Since tiie Vickers hardness of Ni. for example, is about 
450 : 500HV, and that of In is about 1 - 4Hv. the protrud- 
ing contact 37 of In experiences plastic deformation 
thereby alleviating tiie mechanical stress that would 
normally be transmitted to active layer 32 through bar- 
rier layer 35 and chip electrode 33. 

The diffusion barrier layer 36 is formed by the fol- 
lowing process steps. On tiie barrier layer 35 comprised 
of plated Ni film, a film for forming a diffusion barrier 
layer 38 is formed by flash plating Au until it is approxi- 
mately 0.1 nm thick, as shown in Fig. 4. The Vickers 
hardness of Au is approximately 30 - 40Hv. When a pro- 
truding contact 37 comprised of In contacts the film for 
fonming a diffusion banrier layer 38. an inter-metallic 
compound of Auln2 as thick as approximately 0.5 nm is 
formed through the mutual diffusion of Au and In. The 
resulting layer becomes a diffusion banrier layer 36. 

The diffusion barrier layer 36 prevents tiie mutual 
diffusion of Ni and In and, at tiie same time, also 
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assures the secure adhesion of barrier layer 35 and pro- 
truding contact 37. The material comprising the protrud- 
ing contact is not limited to In only, but may also include 
materials whose hardness is tower than that of chip 
electrode 33 and barrier layer 36. One example of s 
another suitable material is lead. Furthermore, the 
material comprising the film for forming diffusion barrier 
layer 38 is not limited to Au only, but may also include Pd 
or an In/Pb alloy. 

As described above, in a semiconductor device io 
according to a preferred embodiment of the present 
invention, the barrier layer 35 and the diffusion barrier 
layer 36 are formed only inside the opening of protection 
layer 34, and the protruding contact 37 is formed on bar- 
rier layer 35 via diffusion barrier layer 36. Such a conf ig- is 
uration makes it unnecessary to etch a barrier layer that 
extends beyond the opening. Thus, the size of protrud- 
ing contact 37 itself, as well as the spacing between the 
protruding contacts, may be made smaller. In a case of 
the present embodiment it is possible to reduce the 20 
diameter of the opening to as smalt as 15 ^m, and the 
distance between adjacent openings to approxinnatety 
30 |iim. As the hardness of protruding contact 37 is 
lower than that of chip electrode 33 and barrier layer 35. 
mechanical stress which may arise when a semicon- 25 
ductor device is mounted, for example, on a circuit 
board, is absorbed by protruding contact 37. and the 
possibility of mechanical stress reaching the active layer 
32 is diminished. 

A method for manufacturing such semiconductor 30 
devices will be described next with reference to Fig. 4. 
Spaced apart chip electrodes 33 comprised of Al. or the 
like, are formed by sputtering on the active surface 32 of 
semiconductor chip 31. A protection layer 34 of silicon 
" nitride film is formed by CVD on the active surface 32 of 35 

semiconductor chip 31. Then, openings are provided in 
1 the protection layer 34 at locations corresponding to the 
\ spaced apart chip electrodes 33 thus exposing the chip 
electrodes 33. On the chip electrode 33 exposed 
through the opening, a Ni film is formed by electroless 40 
plating, which film functions as a ban-ier layer 35. On the 
barrier layer 35, an Au flash film is formed by electroless 
plating. The Au film is used for forming a diffusion bar- 
rier layer 38 for providing a diffusion banrier layer 36. 
Then, on the film for forming a diffusion barrier layer 38, 45 
a protruding contact 37 of In is formed. 

A process for transcribing or transferring the pro- 
truding contacts 37 of In onto a semiconductor chip will 
be described next with reference to Figs. 5a-5c. 

A first semiconductor chip 31 is held by a pressing so 
tool 40. as shown in Rg. 5a. Provided on the semicon- 
ductor chip 31 . are both a Ni plated film, which functions 
as t^arrier layer 35. and an Au flash plated film covering 
barrier layer 35 which functions as a film for forming a 
diffusion barrier layer 38. Meanwhile, a piece of In 52 is ss 
attached, by, for example, electrolytic plating, to an 
indium tin oxide (ITO) substrate 51 formed on a SiOa 
substrate 50. A reducing agent 53 is applied on the ITO 
sut>strate 51 covering the In piece 52. After the In piece 
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52 is aligned with the film for forming a diffusion barrier 
layer 38, the semiconductor chip 31 is pressed towards 
Si02 substrate 50 by pressing tool 40. As the adhesion 
strength between In piece 52 and ITO substrate 51 is 
not very high. In piece 52 is easily transferred onto sem- 
iconductor chip 31. Furthermore, since the hardness of 
In is relatively low. the piece deforms as shown in Rg. 
5b. A part of the reduction agent 53 is also transferred 
to semiconductor chip 31 . 

The In piece 52 thus transferred is heated by press- 
ing tool 40. resulting in hemispheric shape, as shown in 
Fig. 5c, thus providing a protruding contact 37. Diffusion 
barrier layer 36 is formed through the mutual diffusion of 
the film for forming a diffusion barrier layer 38 and the In 
piece 52. During this time, the film for a diffusion barrier 
layer 38 does not diffuse over the whole In piece 52. 
Therefore, the hardness of protruding contact 37 
remains almost identical to that of In Itself. As a result, 
although the height of protruding contact 37 is low. the 
deforming properties of the protruding contact 37 are 
not affected. 

By transcribing the In piece 52 onto semiconductor 
chip 31 with reducing agent 53 applied in advance, oxi- 
dized materials existing between the In piece 52 and the 
Au flash plated layer, which functions as the film for 
forming a diffusion barrier layer 38, are removed, 
thereby resulting in improved connection reliability 
between the In piece 52 and the Au flash plated layer. 
Furthermore, as oxidized materials covering the surface 
of the protruding contact are more significantly removed 
as compared with the case where no reduction agent is 
applied, the reliability of connection between, for exam- 
ple, the protruding contact 37 and another electrode is 
improved. 

Two semiconductor devices each having a structure 
as illustrated in Fig. 3 may also be connected together. 
By so doing, the size of the coupled device is more com- 
pact compared to a single semiconductor device having 
the same function. Accordingly, the coupled device 
requires less area for mounting. When connecting two 
semiconductor devices, each of the semiconductor 
devices mutually receives an external pressing force 
resulting in mechanical stress. That pressing force is 
typically transmitted to the active surface 32 of semicon- 
ductor chip 31 via chip electrode 33 and barrier layer 35. 
In semiconductor devices of the present invention 
where the diameter of an opening is as small as approx- 
imately 15 urn. it is feared that the pressure per unit 
area applied to the active surface 32 will be greater than 
that In a conventional semiconductor device, and. there- 
fore, the device might be seriously affected by the 
mechanical stress. 

Rg. 6 illustrates a structure for connecting semicon- 
ductor devices in which the above described problem is 
solved. Each semiconductor device shown in Fig. 6 has 
an individual structure identical to that of the semicon- 
ductor device shown in Fig. 3. A detailed desaiption 
thereof win therefore be omitted. For convenience, the 
same numeral designations are used for those compo- 
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nents having the same function as in Rg. 3. 

In a combination of semiconductor devices as illus- 
trated in Fig. 6, two semiconductor devices are con- 
nected together at the protruding contacts 37. A gap 
- between the respective protection layers 34 is filled with 
an insulating resin 39. 

In the above described combination of semiconduc- 
tor devices, each of the semiconductor devices com- 
prises an opening formed in the protection layer 34. a 
barrier layer 35 and a diffusion barrier layer 36 each pro- 
vided inside the opening. The semiconductor devices 
are connected together by joining respective protruding 
contacts 37 the hardness of which is lower than that of 
chip electrode 33 and barrier layer 35. 

The semiconductor devices of the above described 
c6mk)ination are manufactured by the following process 
steps. First two semiconductor devices as shown in Fig. 
3 are prepared. The protruding contacts 37 of one sem- 
iconductor device are aligned with those of the other 
sehniconductor device, and a specified quantity of an 
T-- insulating resin 39. e.g.. epoxy resin, is applied on pro- 
L tection layer 34 of at least one of the semiconductor 
devices. Then, one of the semiconductor devices is 
pressed against the other semiconductor device, and 
heated. The protruding contacts 37 are thus mutually 
affixed and the insulating resin 39 is hardened. Through 
the above process steps, the protruding contacts 37 
suffer a plastic deformation, thereby alleviating external 
pressure that would normally be conveyed to the active 
layer 32 via barrier layer 35 and chip electrode 33. 
Warpage of each respective semiconductor device and 
any excess height of any of protruding contacts 37 are 
also absorbed by the above process. 

In the present emtxxiiment. one of the two semi- 
conductor devices may be replaced with a circuit board. 
In this case, an electrode on the circuit board and a 
sehiiconductordevice are connected by means of a pro- 
truding contact formed on the semiconductor device. 

Rg. 7 shows another method for manufacturing 
semiconductor devices of a different combination. In the 
embodiment shown in Rg. 7, a semiconductor device as 
shown in Rg. 3 (x device) and a sub-semiconductor 
device (y device), namely a semicorxjuctor device 
according to Fig. 3 with diffusion barrier layer 36 and 
protruding contact 37 eliminated therefrom, are pre- 
pared. The sub-semiconductor device y is provided with 
a film for forming a diffusion barrier layer 38 on the bar- 
rier layer 35. Protruding contacts 37 of semiconductor 
device x are aligned with the film for forming a diffusion 
barrier layer 38 of sub-semiconductor device y. Then, an 

C insulating resin 39 is applied on protection layer 34 of at 
least one of the semiconductor device x and sub-semi- 
conductor device y. In the present embodiment, the 
insulating resin 39 is applied on protection layer 34 of 
sut>-serrBconductor device y. 

At least one of the semiconductor device x and sub- 
semiconductor device y is then pressed against the 
other and heated. As a result, the film for forming a dif- 
fusion barrier layer 38 or sub-semiconductor device y 



and.the protruding contacts 37 of semiconductor device 
x mutually diffuse to form a diffusion bamer layer 36 of 
an increased thickness on barrier layer 35 of sub-semi- 
conductor device y. Thus, the semiconductor device x 

5 and the sub-semiconductor device y are attached 
together by means of protruding contact 37, and the 
insulating resin 39 is hardened to further strengthen the 
bond between semtconductpr device x and sub-semi- 
conductor device y, thereby resulting in a single-body 

10 device. 

In place of the sub-semiconductor device y, other 
electiric devices having electrodes provided with a film 
for forming a diffusion barrier layer 38 such as a circuit 
board, rtiay be used in the above embodiment. 
15 Next, yet another structure for combining semicon- 
ductor devices according to another embodiment will be 
described. 

For convenience, only a semiconductor chip 31. a 
chip electrode! 33 and protruding contacts 37 are shown 

20 in Fig. 8 as the constituents of the semiconductor 
device. However, a semiconductor device as illustrated 
in Fig. 3 may also be used. 

On the surface of a first semiconductor chip 31a a 
first protruding contact 37a is provided, while on the sur- 

25 face of a second semiconductor chip 31 b a second pro- 
truding contact 37b is provided. The first protruding 
contact 37a and the second protruding contact 37b are 
electrically coupled together, A gap between the first 
semiconductor chip 31a and the second semiconductor 

30 chip 31b is filled with an insulating resin 39. The hard- 
ness of the second protruding contact 37b is lower than 
that of the first protruding contact 37a. Also, the second 
protruding contact 37b should preferably be formed 
over a relatively larger area. 

35 Preferably, the first protruding contact 37a com- 
prises Ni with an Au layer, while the second protruding 
contact 37b comprises Ni with an Au layer plus an In 
covering. The Vickers hardness of In is as low as 
approximately 1 - 4Hv. Thus, when the first protruding 

40 contact 37a and the second protruding contact 37b are 
mated together, at least a part, e.g. a tip of the first pro- 
truding contact 37a, embeds into the second protruding 
contact 37b. An appropriate hardness level of the sec- 
ond protruding contact 37b is around 1 - 20Hv in Vickers 

45 hardness for accepting the first protruding contact 37a. 
Therefore, besides In. an alloy in which In is the princi- 
pal ingredient. Pb and an alloy in which Pb is the princi- 
pal ingredient are also all suitable for the second 
protruding contact 37b. Suitable materials for the first 

50 protruding contact 37a include Au. Pd. Pt. Cu and alloys 
in which these elements are the principal Ingredients. 

A method for manufacturing semiconductor devices 
of the atx>ve combination will be described next. 

Rg. 9 is a side view showing how the first protrud- 

55 ing contacts 37a are aligned with the second protruding 
contacts 37b. In the present embodiment, the first pro- 
truding contacts 37a are each shaped on an electrode 5 
- 20 ^m in diameter by providing, by electroless plating. 
Ni to a thickness of 3 - 5 ^m and Au to a thickness of 0.2 
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- 2 Jim. The second protruding contacts 37b are each 
shaped on an electrode 20 - 100 \im in diameter by pro- 
viding, by etectroless plating. Nl to a thickness of 2 fim 
and Au to a thickness of 0.2 ^m. and then In to a thick- 
ness of 3 - 5 Jim by transcription or by dipping. A press- 
ing tool 40 comprising a vacuum device (not shown) 
picks up the first semiconductor chip 31a. The pressing 
tool 40 maintains the vacuum and moves the first semi- 
conductor chip 31a such that the first protruding con- 
tacts 37a are aligned with the second protruding 
contacts 37b. 

Fig. 10 is a side view showing a process for con- 
necting the first and the second protruding contacts, 
37a and 37b. Using the pressing topi 40, the first pro- 
truding contacts 37a and/or the second protruding con- 
tacts 37b are pressed with a load of less than 5g per 
each protruded contact, and are thereby connected. 
The Vickers hardness of In. being a principal ingredient 
of the second protruding contact 37b, is as low as 
approximately 1 - 4Hv, whereas that of Ni and Au, which 
constitute the first protruding contact 37a. is as high as 
450 - 500 Hv and 40 - 50 Hv. respectively. Therefore, at 
least a part. e.g. a tip. of the f irst protruding contacts 37a 
are easily embedded into the second protruding con- 
tacts 37b. and electrical contact is established. The first 
protruding contacts 37a should preferably be embed- 
ded into the second protruded contacts 37b by about 2 

- 4 )im. 

Fig. 11 is a side view showing a process for filling a 
gap between a f irst semiconductor chip 31a and a sec- 
ond semiconductor chip 31b with an insulating resin 39. 
In the process, the insulating resin 39 is filled by taking 
advantage of the capillary phenomenon between the 
first semiconductor chip 31a and the second semicon- 
ductor chip 31b. 

Fig. 1 2 is a side view shewing a process for harden- 
ing an insulating resin 39. Ultraviolet rays are irradiated 
by a UV lamp, preferably from an oblique angle with 
respect to the coupled first and second semiconductor 
chips. 31a and 31b. 

Rg. 13 is a side view showing a process for with- 
drawing the pressing tool 40 and ultraviolet irradiation 
UV lamp 41 . When the pressing and the UV irradiation 
are withdrawn, a combination of two semiconductor 
chips is completed as shown in Fig. 8. 

According to the preferred embodiments, since the 
area of each of the second protruding contacts 37b is 
larger than that of the f irst protruding contacts 37a and 
the hardness of the former is lower, the tip of the first 
protruding contacts 37a are easily embedded into the 
second protruding contacts 37b. enabling connection at 
low temperature and low load. As a result, the risk of 
deteriorated semiconductor chips resulting from the 
conventional connection process of two semiconductor 
chips, which includes high temperatures and high loads, 
is alleviated. Thus, according to the present invention it 
is possible to provide coupled semicorxJuctor devices of 
high reliability. Furthermore, since the first protruding 
contacts 37a are connected by embedding the same 



into the second protruding contacts 37b. a reliable con- 
nection is assured. 

Next, a method for nnanufacturing semiconductor 
devices of yet a further different combination is 
5 described. In the present embodiment, first protruding 
contacts 37a comprise Ni. while a second protruding 
contacts 37b comprise Ni and Au on top of which is 
added an In-Sn alloy comprising, for example. 90% In 
and 10% Sn. 

10 More particularly, the first protruding contacts 37a 
are formed by plating Ni. by electroless plating, to a 
thickness of about 3 ^m; the second protruding contacts 
37b are formed by plating, by electroless plating, Ni to a 
thickness of about 1 nm and Au to a thickness of about 

15 0.2' }im and provided by transcription or dipping over 
those layers an In-Sn alloy about 3 5 ^m thick. The 
diameter of each of the first protruding contacts 37a is 5 
- 20 ^m. and that of each of the second protruding con- 
tacts 37b is 20- 100 ^im. The structure of the rest of the 

20 device is the same as that shown in Fig. 1 1 . 

As shown in Fig. 14. the protruding contacts 37a 
and 37b of the first semiconductor chip 31a and the sec- 
ond semiconductor chip 31b, respectively, are made to 
engage each other by use of pressing tool 40. Fig. 15 is 

25 a side view showing how an.insulating resin 39 curable 
by ultraviolet rays is applied on at least one of the first 
and the second semiconductor chips. In the present 
case, the resin 39 is applied on the second semiconduc- 
tor chip 31b. Namely, according to the present process. 

30 an insulating resin 39 is applied on at least one of the 
semiconductor chips before the first semiconductor chip 
31a and the second semiconductor chip 31b are cou- 
pled together. Fig. 16 is a side view showing how the 
first protruding contacts 37a and the second protruding 

35 contacts 37b are connected, and the ultraviolet rays are 
irradiated. Namely, the first and second protruding con- 
tacts are pressed together by pressing tool 40 with a 
load of less than 5g per each protruding contact, and 
the tips of the first protruding contacts 37a are embed- 

40 ded into the second protruding cbntacts 37b by approx- 
imately 2 ^m. And then, the Insulating resin 39 is 
hardened by UV irradiation from ultraviolet ray lamp 41. 
Fig. 17 is a side view showing how the pressing tool 40 
and the ultraviolet ray lamp 41 are withdrawn. Through 

45 the above described process, the first semiconductor 
chip 31a and the second semiconductor chip 31b are 
mutually connected together. 

According to the present preferred embodiment, 
the insulatinig resin 39 is applied before the first protrud- 

50 ing contacts 37a and the second protruding contacts 
37b are connected together, and then hardened by the 
UV irradiation. It is therefore relatively easy to place an 
insulating resin 39 between the first semiconductor chip 
31a and the second semiconductor chip 31b. 

55 In a combination where two semiconductor chips 
are stacked, it is preferable to remove with a reducing 
agent, in advance, the oxidized materials covering the 
surface of a protruding contact 37. An example of such 
a reducing agent includes a reducing agent containing 
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abietic add as the principal ingredient. Fa example, a 
conpound comprising more than 80% atretic add 
would be suitable. 

The reducing agent used for removing oxidized 
materials needs to be washed off or evaporated by heat 
after- the coupling process is finished. However, it was 
found that the mounting efficiency in semiconductor 
devices coupled together in accordance with the 
present invention was low since it took a relatively long 
time to completely discharge or wash off the reducing 
agent, because the height and/or pitch of the protruding 
contacts are smaller In cotpled semiconductor devices 
of the present invention. 

The above described drawback of the present 
Invention may be overcome by using an insulating resin 
containing a reducing agent as the insulating resin in 
connecting two semiconductor devices. 

Rg. 1 8 is a side view showing how a semiconductor 
device of the invention, e.g. Fig. 3. is mounted on a cir- 
cuit board 25 by a face-down bonding method. In the 
present case, protruding contacts 37 comprise a low 
melting point metal such as a Sn-Pb solder, having a 
height lower than 10 fim. formed on chip electrode 33 by 
electrolytic plating, evaporation or any other appropriate 
method. The drcuit board 25 conprises a glass ceramic 
substrate, or the like, and substrate electrodes 27 
formed on the surface thereof. In the present case, the 
substrate electrodes 27 comprise a metal film of Cu and 
Ni. covered by Sn-Pb solder several microns thick. 

A gap between a protection layer 34 of semicon- 
ductor device 31 and the circuit board 25 is filled with an 
insulating resin 39, The insulating resin 39 comprises a 
thernnosetting resin like epoxy resin having a viscosity of 
approximately 1500 c.p.s. containing a reducing agent 
42 for removing oxidized materials such as a reducing 
agent in which abietic acid is the principal ingredient. 
The protruding contacts 37 and the substrate electrodes 
27 are electrically coupled together. The reducing agent 
42 is crushed between the protruding contacts 37 and 
the substrate electrodes 27. and oxidized materials cov- 
ering the surface of protruding contacts 37 or substrate 
electrodes 27 are removed as a result of the crushing 
and dispersing of reducing agent 42. 

the reducing agent 42 is provided by spraying a 
wash-free type reducing agent in an active atmosphere 
maintained at a temperature of approximately 200'' C, 
and rapidly cooling the reducing agent thereby harden- 
ing at least the surface thereof to yield a desired shape. 
Or. the reducing agent 42 may be a chunk-shaped 
redudng agent with its surface coated with an insulating 
resin such an epoxy resin or a thermoplastic resin such 
as polyamide. or a powdered or liqiidized reducing 
agerrt sealed into a capsule made of an insulating resin 
or a thermoplastic resin. If the surface of reducing agent 
42 Is coated with an insulating resin having the same 
properties as the insulating resin 39, or the reducing 
agerrt 42 is sealed in a capsule having the same proper- 
ties as the insulating resin 39. adhesion between the 
redudng agent 42 and the insulating resin 39 is 



increased, thereby redudng the necessary pressure 
when mounting a semiconductor device on a circuit 
board. 

The mixture ratio of the reducing agent 42 in the 
5 insulating resin 39 is within a range of 40 - 80 in vol- 
ume%. Within tiiat range, the reducing agent 42 exists 
to a very high probability between the proti-uding con- 
tact 37 and rts counterpart substrate electrodes 27. In 
the case when the mixture ratio is lower than 40 vol- 
10 ume%, tiie quantity of reducing agent 42 is too small to 
completely remove oxidized materials. On the other 
hand, if the mixture ratio exceeds 80 volume% the pro- 
tective effect of the insulating resin 39 may not be suffi- 
dent. 

IS Rgs. 19a and 19b are side views showing a proc- 
ess wherein a semiconductor device is mounted on a 
drcuit tx)ard. As shown in Fig. 19a. a semiconductor 
chip 31 and a circuit board 25 are disposed face to face, 
and protruding contacts 37 and substrate electrodes 27 

so are aligned. A thermosetting insulating resin 39 which 
contains a reducing agent 42 having a chunk shape, or 
the like, is applied on the circuit board 25 by dripping or 
other like metiiod. And then, as shown in Fig. 19b, the 
semiconductor chip 31 is pressed against the circuit 

25 board 25. and the protruding contacts 37 contact the 
substrate electrodes 27. Reducing agent 42 contained 
in insulating resin 39 is held between the protruding 
contacts 37 and the substrate electi^odes 27 and is 
crushed between the two. The reducing agent thus 

30 crushed disperses over each of the surfaces of protrud- 
ing contacts 37 and substrate electrodes 27, and 
removes oxidized materials therefrom. 

By heating the semiconductor chip 31 with protrud- 
ing contacts 37 and substrate electrodes 27 contacting 

35 each other, the protruding contacts 37 and the substrate 
electrodes 27 are connected both physically and electri- 
cally by metal diffusion. The insulating resin 39 applied 
between protruding contacts 37 and substrate elec- 
trodes 27 are hardened at the same time. Although in 

40 the above described manufacturing process the semi- 
conductor chip 31 is heated while being pressed, it is 
not essential to maintain the pressing force if the viscos- 
rty or the adhesion properties of insulating resin 39 is 
sufficiently high. 

45 Heating may be applied, not to the semiconductor 
chip 31 alone, but also at the same time to both semi- 
conductor chip 31 and circuit board 25. The reducing 
agent, 42 mixed with the insulating resin 39 need not 
necessarily have a chunk shape. It may be mixed as a 

50 powder state or liquid contained in a capsule made from 
an insulating resin or a thermoplastic resin. 

In a conventional process, the insulating resin is 
applied after the reducing agent provided on the surface 
of circuit board was washed off or vdatilized. According 

55 to the above desaibed preferred embodiment, however, 
the process for washing off or volatilizing the reducing 
agent is eliminated. As a result, there is no mechanical 
stress exerted on the protruding contacts due to wash- 
ing, and there is no need to provide a clearance for dis- 
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charging the volatilized substance. This ts particularly 
advantageous for miniaturized semiconductor devices. 

The invention may be also embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. s 

As described In the foregoing, semiconductor 
devices according to the present Invention comprise a 
barrier layer and a diffusion barrier layer formed only 
over an area confined by an opening in the protection 
layer. As a result, it Is possible to make the size and the io 
pitch of protruding contacts smaller. Further, because 
the hardness of the protruding contacts is preferably 
lower than that of the chip electrode and barrier layer, 
the risk of damage due to mechanical stress arising 
when a semiconductor des^ice is mounted on a circuit is 
board, and which would normally be transmitted to the 
active layer of a semiconductor chip, is alleviated. 

In a structure where two semiconductor devices are 
combined, each of the protruding contacts of one device 
has a hardness different from that of each of the pro- 20 
truding contacts of the other device, such that one may 
be embedded into the other. Therefore, the risk of dam- 
age due to mechanical stress being transmitted to the 
active layer of semiconductor chip is alleviated. 

Furthermore, when an insulating resin, used when 25 
coupling together two semiconductor devices or mount- 
ing a semiconductor device on a circuit board, contains 
a reducing agent, it is possible to obtain a combination 
of semiconductor devices in which neither washing the 
reduction agent nor discharging the volatilized reduction so 
agent is needed. 

Claims 

1 . A semiconductor device, comprising: 3$ 

a protection layer covering an active surface of 
a semiconductor chip and having an opening 
corresponding to the location of a chip elec- 
trode located on the active surface of the semi- 40 
conductor chip; 

a barrier layer covering said chip electrode, 
said barrier layer being bounded by said open- 
ing In the protective layer; 

a diffusion barrier layer covering said barrier 45 
layer; and 

a protruding contact on said diffusion barrier 
layer. 

2- The semiconductor device of Claim 1 . wherein said so 
protruding contact comprises a material whose 
hardness is lower than that of each of said chip 
electrode and said ban-ier layer. 

3. The semiconductor device of Claim 1. wherein the ss 
combined thickness of said barrier layer and said 
diffusion barrier layer is approximately identical to 
the thickness of said protection layer. 



4. A semiconductor device, comprising : 

a first semiconductor device having a first pro- 
truding contact: and 

at least one of a circuit boar6 and a second 
semiconductor device having a second pro- 
truding contact whose hardness is lower than 
the hardness of said first protruding contact, 
wherein at least a part of said first protruding 
contact Is embedded in said second protruding 
contact. 

5. The semiconductor device of Claim 4, further com- 
. ' prising an etecixically. insulating resin disposed 

' between said first semiconductor device and said 
circuit board or second semiconductor device. ... 

6. The semiconductor device of Claim 4, wherein at 
least one of said first and second semiconductor 
devices conprises: 

a protection layer covering an active surface of 
a semiconductor chip, having an opening cor- 
responding to the location of a chip electrode 
disposed on the active surface of said semicon- 
ductor chip; 

a barrier layer covering said chip electrode, 
said ban^ier layer being bounded by said open- 
ing in the protective layer; and 
a diffusion barrier layer covering said barrier 
layer. 

7. The semiconductor device of Claim 4. wherein said 
first protruding contact comprises one of Au, Pd, R, 
Cu or an alloy thereof. 

8. The semiconductor device of Claim 4. wherein said 
second protruding contact comprises one of In. Pb 
or an alloy thereof. 

9. A semiconductor device comprising a first semicon- 
ductor device and a second semiconductor device, 
each of said first and second semiconductor 
devices, comprising: 

a protection layer covering an active surface of 
a semiconductor chip and having an opening 
corresponding to the location of a chip elec- 
trode located on the active surface of said sem- 
iconductor chip; 

a iDarrier layer covering said chip electrode, 
said barrier layer being bounded by said open- 
ing in the protective layer; and 
a diffusion barrier layer covering said handler 
layer, wherein said diffusion barrier layer of 
said first semiconductor device and the diffu- 
sion barrier layer of said second semiconductor 
device are electrically connected by a protrud- 
ing contact. 
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10. The semiconductor device of Claim 9. wherein said 
protruding contact comprises a material whose 
hardness is lower than that of each of said chip 
electrode and said barrier layer. 

5 

11. The semiconductor device of Claim 9. further com- 
prising an insulating material disposed between 
said first and second semiconductor devices. 

12. The semiconductor device of Claim 11, wherein io 
said insulating material comprises a thermosetting 
insulating resin mixed with a reducing agent. 

13. The semiconductor device of Claim|12, wherein the 
amount of said reducing agent in said insulating is 
-resin mix is about 40 - 80 volume% of said mix. 

14. A semiconductor device, comprising: 

a first semiconductor device and at least one of 20 
a second semiconductor device and a circuit 
board electrically coupled together via corre- 
sponding chip electrodes: and 
an insulating resin layer, mixed with a reducing 
agent for removing oxidized substances, filling 25 
a gap between said first semiconductor device 
and said second semiconductor device or a cir- 
cuit board. 

15. A semiconductor device, comprising: 30 

a first semiconductor device haying a protec- 
tion layer covering an active surface of a semi- 
conductor chip and having an opening 
corresponding to the location of a chip elec- 3S 
trode located on the active surface of said sem- 
iconductor chip; 

a barrier layer covering said chip electrode, 
said barrier layer being bounded by said open- 
ing in the protective layer; 40 
a diffusion barrier layer covering said barrier 
layer; 

a protruding contact, having a hardness lower 
than that of each of said chip electrode and 
said barrier layer, protruding from said diffusion 45 
barrier layer; 

a second semiconductor device having an 
electrode electrically coupled to said protruding 
contact; and 

an inisulating resin mixed with a reducing agent so 
for at least insulating said protruding contact 
and said electrode. 

16. A method for manufacturing a semiconductor 
device, comprising the steps of: 55 

forming, by electroless plating, a bamer layer 
and a film for forming a diffusion barrier layer 
on a chip electrode exposed through an open- 



ing in a protection layer covering an active layer 

of a semiconductor chip; and 

forming a protruding contact on said film for 

forming a diffusion barrier layer. 

and forming a diffusion barrier layer by mutual 

diffusion of said protruding contact and said 

film for forming a diffusion barrier layer. 

17. A method for manufacturing a semiconductor 
device, comprising the steps, of: 

providing a first semiconductor device having a 
protruding contact formed thereon; 
providing at least one of a circuit board and a 
second semiconductor device, having thereon 
a film for forming a diffusion barrier layer; 
aksutting said protruding contact with said film 
for forming a diffusion barrier layer; 
forming a diffusion barrier layer by mutual diffu- 
sion of said protruding contact and said film for 
foring a diffusion barrier layer; and 
electrically coupling said first semiconductor 
device and said second semiconductor device 
by said protruding contact. 

18. A method for manufacturing a semiconductor 
device, comprising the steps of: 

forming a first relatively harder and a second 
relatively softer protruding contact on a first 
semiconductor device and on least one of a 
second semiconductor device and a circuit 
board, respectively; 

aligning said first protruding contact with said 
second protruding contact: and 
connecting said first and second protruding 
contacts together by embedding at least a part 
of said first relatively harder protruding contact 
in said second relatively softer protruding con- 
tact. 

19. The method of Claim 18. further comprising the 
step of applying an insulating material around said 
first and second protruding contacts. 

20. A . method for manufacturing a semiconductor 
device, comprising the steps of: 

forming a first relatively harder and a second 
relatively softer protruding contact on a first 
semiconductor device and on at least one of a 
second semiconductor device and a circuit 
board, respectively; 

aligning said first protruding contact with said 
second protruding contact; 
applying an insulating resin around at least one 
of said first and second protruding contacts; 
connecting said first and second protruding 
contacts together by embedding at least a part 
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of said first relatively harder protruding contact 
in said second relatively softer protruding con* 
tact; and 

hardening said insulating resin, 
whereby said first semiconductor device and s 
said second semiconductor device or circuit 
board are adhered together and said first and . 
second protruding contacts are sealed within 
the hardened insulating resin thereby electri- 
cally insulating said protruding contacts. io 

21. The method of Claim 20, wherein said insulating 
resin is mixed with a reducing agent 

22. A method for manufacturing a semiconductor i5 I . 
device, comprising the steps of: 

cutting a protruding contact formed on a first 
semiconductor device with a substrate elec- 
trode of at least one of a secortd semiconductor 20 
device arid a circuit board; 
applying an insulating resin comprising a 
reducing agent on at least one of said protrud- 
ing contact and said substrate electrode; and 
hardening the insulating resin. 25 
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CLAIMS INCURRING FEES 



The.present European patent appBcation comprised at the tin>e of filing more man ten daims. 



□ 



An daims fees have been paid within the prescribed time limiL The present European search report has been 
cawn up tor all claims. ' ' - 



□ 



Onv part of the claims lees have been paid within the prescribed time imiL The present European search 
report has been drawn up for the first ten claims and for those claims lor which daims tees have been paid. 



namety daims: 



□ 



No daims tees have been paid within the prescribed time limit The present European search report has been 
drawn up (or the first ten daims. 



X LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent applicatibndoes not comply with ne requiFement of unity of 
invenson anc relates to several inventions or groups of inventions. 



namely: i ClaimS 1-3. 9-13, 15-17: 

Semiconductor device having a protection layer and bumps of a specific 
constitution, method of making the same and assembly of such semiconductor 
devices. 

. 2. Claim 4-8. 18-21: 

Semiconductor device electrically coupled to a second device characterised in 
that said semiconductor device and said second device are provided with 
respective bumps of different hardness. 

3. Claims 14. 22: 

Semiconductor device electrically coupled to a second device characterised by 
the use of an insulating resin comprising a reducing agent. 



All funher search fees have been paid within the fixed time limit The present European search report has . 
been drawn up for all daims. 

Only part ot the lurther search fees have been paid within the fixed bme limit The present European search 
report has been drawn up lor those parts of the European patent application which relate to the inventions in 
respects of which search fees have been paid. 

namely daims: 

None of the further search fees has been pa'd whhin (he fixed lirhe limit The present European search report 
has been drawn up tor those parts of the European patent application which relate id re invention first 
menboned in the daims. 



namely claims: 1-3,9-13,15-17 
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